I n t h e i n t r o d u c t o r y t a l k on t h i s workshop i t was s t a t e d t h a t over t h e l a s t few years t h e r e has been a s t r o n g i n t e r e s t i n t h e development o f improved m a t e r i a l s f o r p o l a r i s e d targets.
I n t h e case o f proton t a r g e t s t h i s i n t e r e s t has come mainly from those working a t t h e high energy end o f t h e s p i n physics spectrum because t h e dynamically pol a r i s e d sol i d s t a t e t a r g e t s which a r e a t present u n i v e r s a l l y used, have two important 1 i m i t a t i o n s , t h e i r re1 a t i v e l y 1 ow f r e e hydrogen content, and t h e d e t e r i o r a t i o n i n performance which occurs when they are used i n h i g h i n t e n s i t y beams. A new m a t e r i a l has now been developed which has had a very s i g n i f i c a n t e f f e c t i n b o t h o f these artds.
This i s dynamicall y pol a r i sed ammonia and a 1 arge p r o p o r t i o n o f t h e presentations made a t t h i s meeting were concerned i n some way w i t h i t s preparation, p r o p e r t i e s o r operational c h a r a c t e r i s t i c s ,
Results from t e s t s on some o t h e r new dynamically p o l a r i s e d m a t e r i a l s were a l s o given, t o g e t h e r w i t h data and reviews on o t h e r possible techniques i n c l u d i n g t h e use o f p o l a r i s e d atomic hydrogen i n t h e form o f a beam o r a s t a b i l i s e d gas.
The f i r s t advantage o f ammonia as a t a r g e t m a t e r i a l i s i t s increased hydrogen content compared w i t h t h e t e s t m a t e r i a l s a v a i l a b l e p r e v i o u s l y (17% as compared w i t h a maximum o f 14%). The second i s i t s increased r e s i s t a n c e t o beam r a d i a t i o n damage which i s t h e major cause of l o s s o f performance when h i g h i n t e n s i t y beams a r e used. The l a t t e r p r o p e r t y arises, a t l e a s t i n p a r t , because t h e paramagnetic centres which need t o be present i n t h e m a t e r i a l f o r t h e dynamic pol a r i s a t i o n process t o work a r e themsel ves i n t r o d u c e d by a r a d i a t i o n damage process r a t h e r than by t h e chemical doping methods used previously.
D e t a i l e d experimental s t u d i e s on t h e dynamic p o l a r i s a t i o n process (Meyer) and t h e e f f e c t s o f r a d i a t i o n damage ( H a r t f i e l ) i n ammonia were presented a t t h e meeting. A t h e o r e t i c a l model was a l s o proposed, based on t h e a s s m p t i o n t h a t t h e paramagnetic centres produced during t h e preparation o f t h e materi a1 a r e d i f f e r e n t from some o f those generated d u r i n g o p e r a t i o n i n a beam, which s a t i s f a c t o r i l y e x p l a i n s t h e observed r a d i a t i o n damage and other p r o p e r t i e s ( N i i n i k o s k i ) .
Data from t h e Brookhaven-Michigan experiment a t t h e AGS (High PT p-p s c a t t e r i n g ) , where ammonia has been i n use on a r o u t i n e b a s i s f o r some time. confirms t h a t t h e p r a c t i c a l r a d i a t i o n damage l i f e t i m e i s o f t h e order o f a f a c t o r o f t h r e e b e t t e r than t h e best previous m a t e r i a l s (Crabb).
It a l s o demonstrates t h a t t h i s m a t e r i a l can be r a p i d l y annealed t o r e s t o r e t h e t a r g e t performance a f t e r r a d i a t i o n damage has occurred and t h a t it has a very l o n g l i f e t i m e , t h u s e l i m i n a t i n g t h e need f o r regul a r t a r g e t m a t e r i a l changes. This p a r t i c u l a r experiment uses a r e l a t i v e l y small s i z e o f t a r g e t i n an i n t e n s e beam and t h e heat generated i n t h e t a r g e t m a t e r i a l i s a l s o a serious problem, reducing t h e p o l a r i s a t i o n from 70% t o 50% i n c e r t a i n circumstances.
It was r e p o r t e d t h a t t h i s s i t u a t i o n can be improved by a f a c t o r o f t h r e e o r more, i n terms o f usable beam i n t e n s i t y , by using a m i x t u r e o f 3He and 4He i n s t e a d o f pure 3He i n t h e evaporation r e f r i g e r a t o r used t o cool t h e t a r g e t m a t e r i a l (Cameron).
This e f f e c t was confirmed by r e s u l t s from Bonn (Hewel) and CERN (Rieubl and).
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A completely d i f f e r e n t set o f problems need t o be solved f o r t h e t a r g e t used by t h e European Muon C o l l a b o r a t i o n a t t h e CERN SPS, (deep i n e l a s t i c p-p s c a t t e r i n g ) which was r e p o r t e d on i n some d e t a i l (Court).
I n t h i s case, t h e beam pot s i z e i s l a r g e and t h e beam i n t e n s i t y i s low, and so a very l a r g e amount o f t a r g e t m a t e r i a l i s r e q u i r e d (2 l i t r e s ) t o o b t a i n an adequate experimental event rate. Ammonia i s again being used but i n t h i s case i t i s t h e high f r e e proton t o bound nucleon which i s t h e c r i t i c a l f a c t o r , as t h e experiment i s i n c l u s i v e so no kinematic separation o f hydrogen and background events i s possible.
This t a r g e t i s cooled w i t h a very 1 arge c a p a c i t y d i l u t i o n r e f r i g e r a t o r (2 w a t t ) as t h e highest possi b l e pol a r i s a t i o n i s required. A maximum pol a r i s a t i o n o f over 80% was reported, although, as t h e growth r a t e i s r a t h e r slow, t h i s takes several days t o achieve.
70% p o l a r i s a t i o n can be reached i n about 12 hours, however. This slow growth, which i s p a r t i a l l y a consequence o f t h e very 1 arge s i z e o f t h e t a r g e t and p a r t i a l l y a p r o p e r t y o f t h e m a t e r i a l i t s e l f , i s n o t a serious problem i n t h i s p a r t i c u l a r case.
This i s so because t h e t a r g e t i s s p l i t i n t o two s e c t i o n s arranged i n tandem and pol a r i s e d i n opposite d i r e c t i o n s .
The primary purpose o f t h i s arrangement i s t o reduce t h e systematic u n c e r t a i n t i e s i n t h e measurement o f t h e experimental assymmetries b u t it a l s o removes t h e necessity f o r r a p i d and frequent r e v e r s a l s o f t h e pol a r i sat i o n d i r e c t i o n .
It i s now c l e a r t h a t t h e development o f ammonia as a p r a c t i c a l t a r g e t m a t e r i a l has l e d t o a b i g improvement on t h e q u a l i t y o f data o b t a i n a b l e from some c u r r e n t high energy physics experiments.
It has a l s o been shown t h a t t h e m a t e r i a l can be produced i n l a r g e q u a n t i t i e s on a r o u t i n e basis and t h a t t h e p r o d u c t i o n processes are w e l l understood (Brown).
However, does i t s use r a i s e any problems? One has a1 ready been mentioned, t h e re1 a t i v e l y slow r a t e o f p o l a r i s a t i o n growth. Another p o s s i b l e source o f d i f f i c u l t y i s t h e p o l a r i s a t i o n o f t h e n i t r o g e n n u c l e i (14N) which have s p i n 1 . Data was presented which confirms t h a t t h e n i t r o g e n n u c l e i a r e indeed p o l a r i s e d and a r e a l s o i n s p i n temperature e q u i l i b r i m w i t h t h e protons (Heyes).
I n these circumstances, t h e n i t r o g e n p o l a r i s a t i o n i s c a l c u l a b l e when t h e proton p o l a r i s a t i o n i s known, t h e value being 11% a t 80% proton p o l a r i s a t i o n . The same s i t u a t i o n was observed when t h e 14N n u c l e i were rep1 aced by ( s p i n 4). Some p o s s i b l e new m a t e r i a l s w i t h high hydrogen content are under i n v e s t i g a t i o n a t a number o f l a b o r a t o r i e s .
Those r e p o r t e d on were t h e borohydrides NH BH (19.5% hydrogen) and NH BH (24.5% hydrogen) t o g e t h e r w i t h 1 i t h i u n hydride (7LiH). The l a t t e r is4ma?nly o f i n t e r e s t f o r t h e development o f 6~i D.
Pol a r i s a t i o n t e s t s , using centres produced by i r r a d i a t i o n techniques, have been made on t h e two borohydrides, so f a r w i t h r a t h e r l i m i t e d success (Heyes).
However, t h e r e s u l t s obtained w i t h NH BH, suggest t h a t f u r t h e r development could be worthwhile.
I n t h e case o f 7LiH, k i g h pol a r i s a t i o n s have been p r e v i o u s l y reported using very small samples and w i t h a h i g h magnetic f i e l d (6.5 T). Devel opnent work i s now being c a r r i e d out w i t h sample s i z e s s u i t a b l e f o r use i n a t a r g e t and a t lower f i e l d (2.5T).
The very p r e l iminary r e s u l t s so f a r obtained suggest t h a t t h e i r r a d i a t i o n technique i s very c r i t i c a l and much development i s s t i l l r e q u i r e d (Durand).
